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(74) Attorney: Naoki Kyomoto, Patent Attorney (and two 
others ) 

(54) [Title of the Invention] Disk Array Device 
(57) [Abstract] 

[Problem] To realize an inexpensive disk array device 
without decreasing reliability. 

[Means of Solution] A disk array device uses a plurality of 
IDE interface magnetic disk drives, as magnetic disk drives 
for data, a disk array being constructed using only a 
magnetic disk drive for parity as an SCSI magnetic disk 
drive. CRC is generated for each of the magnetic disk drives 
in a data protection circuit when data is written to the 
magnetic disk drives for data, and that CRC is stored in the 
magnetic disk drive for parity. 

[Claims] 

[Claim 1] A disk array device comprising: 

a disk array control circuit having a data buffer for 
temporarily storing data exchanged with a host computer via 
a host interface, a plurality of disk buffers for dividing 
data of said data buffer and storing the data, a data 
protection circuit that operates when said plurality of disk 
buffers performs transmission of data with the corresponding 
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magnetic disk drive for data, to generate parity and perform 
a parity check and also to generate a check frame 
corresponding to [each] of said plurality of magnetic disk 
drives for data and perform a frame check therefor, and a 
parity buffer for storing CRC and the parity generated by 
said data protection circuit; 

said plurality of magnetic disk drives for data [each] 
having an IDE interface and being connected respectively to 
said plurality of disk buffers; and 

a magnetic disk drive for parity having an SCSI 
interface and being connected to said parity buffer. 

[Claim 2] The disk array device according to claim 1 wherein 
the number of said disk buffers and the number of said 
magnetic disk drives for data are two, respectively. 

[Claim 3] The disk array device according to claim 1 wherein 
the number of said disk buffers and the number of said 
magnetic disk drives for data are three, respectively. 

[Claim 4] The disk array device according to claim 1 wherein 
the number of said disk buffers and the number of said 
magnetic disk drives for data are four, respectively. 
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[Claim 5] The disk array device according to claim 1, claim 
2, claim 3, or claim 4 wherein the data length for each 
sector of said magnetic disk drive for data is 512 bytes. 

[Claim 6] The disk array device according to claim 1, claim 
2, claim 3, claim 4 or claim 5 wherein the data length for 
each sector of said magnetic disk drive for parity is 520 
bytes . 

[Claim 7] The disk array device according to claim 1, claim 
2, claim 3, claim 4 or claim 5 wherein the data length for 
each sector of said magnetic disk drive for parity is 528 
bytes . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] The 
present invention relates to a disk array device comprising 
a plurality of magnetic disk drives for data and a disk 
array control circuit for connecting the plurality of 
magnetic disk drives and performing exchange of data with a 
host computer . 



[0002] 



[Prior Art] A conventional disk array device has an SCSI 
(Small Computer System Interface) to provide the interface 
connecting to a host computer and thus employs an SCSI also 
as an interface connecting a disk array control circuit and 
magnetic disk drives for data (see for example Japanese 
Unexamined Patent Application Publication No. H8-137630) . 

[0003] 

[Problem to be Solved by the Invention] As the conventional 
disk array device employs an SCSI as an interface connecting 
a disk array control circuit and a magnetic disk drive for 
data, a problem arises that an inexpensive IDE (Integrated 
Device (Drive) Electronics) interface magnetic disk drive 
that is widely used for personal computers, cannot be 
employed. 

[0004] An IDE interface magnetic disk drive has the data 
length for each sector set at 512 bytes and therefore CRC 

(Cyclic Redundancy Check) cannot be applied for each sector, 
leading to decreased reliability. In contrast to this, an 
SCSI magnetic disk drive can have a 520 byte or 528 byte 
data length for each sector enabling attachment of CRC and 
an improved degree of reliability. 
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[0005] With the foregoing in view, it is an object of the 
present invention to remove the problems associated with 
conventional disk array devices by providing a disk array 
device that allows connection to an inexpensive IDE 
interface magnetic disk drive and that also enables 
attachment of CRC, thereby providing an improved degree of 
reliability. 

[0006] 

[Means for Solving the Problem] The disk array device 
according to the present invention comprises: a disk array 
control circuit having a data buffer for temporarily storing 
data exchanged with a host computer via a host interface, 
a plurality of disk buffers for dividing data of the data 
buffer and storing the data, a data protection circuit that 
operates when the plurality of disk buffers performs 
transmission of data with the corresponding magnetic disk 
drive for data, to generate parity and perform a parity 
check, and also to generate a check frame corresponding to 
[each] of the plurality of magnetic disk drives for data and 
perform a frame check therefor, and a parity buffer for 
storing CRC and the parity generated by the data protection 
circuit; the plurality of magnetic disk drives for data 



6 




[each] having an IDE interface and being connected 
respectively to the plurality of disk buffers; and 
a magnetic disk drive for parity having an SCSI interface 
and being connected to the parity buffer, wherein the number 
of the disk buffers and the number of the magnetic disk 
drives for data are two, three or four, respectively, and 
further, the data length for each sector of the magnetic 
disk drives for data is 512 bytes [and/or] the data length 
for each sector of the disk drive for parity is 520 bytes or 
528 bytes. 

[0007] 

[Embodiments of the Invention] An embodiment of the present 
invention will now be described with reference to a drawing. 

[0008] FIG. 1 is a block diagram showing an embodiment of 
the present invention. 

[0009] In FIG. 1 a host computer 1 and a disk array control 
circuit 2 are connected via a host interface 11 and perform 
data exchange. 
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[0010] The disk array control circuit 2 has one data buffer 
3, one data protection circuit 5, four disk buffers 4 and 
one parity buffer 6. 

[0011] The data buffer 3 is connected to the host computer 1 
via the host interface 11, and temporarily stores data 
exchanged with the host computer 1. The data protection 
circuit 5 and the four disk buffers 4 are connected to the 
data buffer 3. 

[0012] The four disk buffers 4 are each connected to the 
data buffer 3 via a data bus 12 and are each connected to a 
magnetic disk drive for data 7 via an IDE interface 13, each 
of the four disk buffers 4 storing one part of the data 
stored in the data buffer 3 separated into four parts. 

[0013] The data protection circuit 5 is connected to the 
data buffer 3 and the disk buffers 4 via a data bus 15 and 
is connected to the parity buffer 6 via a parity bus 16. 
The data protection circuit 5 generates parity from the data 
of the data buffer 3 and outputs that parity to the parity 
buffer 6 and generates CRC for each of the four disk buffers 
4 which is output to the parity buffer 6. Further, [the 
data protection circuit 5] receives input of data from the 
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disk buffers 4 and the parity buffer 6 and performs a parity 
check of the data and also performs a CRC check. 

[0014] The parity buffer 6 is connected to the data 
protection circuit 5 via the parity bus 16 and is connected 
to a magnetic disk drive for parity 8 via an SCSI interface 
14 . 

[0015] The magnetic disk drive for data 7, which is an IDE 
interface magnetic disk drive the data length for each 
sector of which is 512 bytes, is connected to a disk buffer 
4 via an IDE interface 13, writes data delivered from the 
corresponding disk buffer 4, and reads data stored in the 
disk buffer 4. 

[0016] The disk drive for parity 8, which is an SCSI 
magnetic disk drive the data length for each sector of which 
is 528 bytes (data is 512 bytes, CRC is 16 bytes), is 
connected to the parity buffer 6 via the SCSI interface 14. 

[0017] The four magnetic disk drives for data 7 and the 
single magnetic disk drive for parity 8 constitute a RAID 3 
disk array. 
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[0018] The operations of the disk array device configured as 
detailed above will now be described. 

[0019] Data delivered from the host computer 1 to the disk 
array control circuit 2 is input to the data buffer 3 via 
the host interface 11. In the data buffer 3 this data is 
temporarily stored and is further divided into four parts, 
these four parts being respectively stored in the four disk 
buffers 4 via the data buses 12, while at the same time, 
data stored in the data buffer 3 is also sent to the data 
protection circuit 5. The data protection circuit 5 
generates parity data (parity) for the data thus input and 
sends the generated parity to the parity buffer 6. The 
parity buffer 6 stores the parity thus input. At this time, 
the data protection circuit 5 also generates CRC for each of 
the four magnetic disk drives for data 7. 

[0020] Next, data is sent from each of the four disk drives 
4 to the respective magnetic disk drive for data 7 connected 
thereto, this data being stored in each of those magnetic 
disk drives for data 7, while simultaneously, parity is sent 
from the parity buffer 6 to the magnetic disk drive for 
parity 8 and stored therein, after which CRC for each of the 
four magnetic disk drives for data 7 and the single magnetic 
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disk drive for parity 8 is sequentially delivered to the 
magnetic disk drive for parity 8 and stored therein. 

[0021] The operations performed when data is read will now 
be described. 

[0022] Data read from the four magnetic disk drives for data 
7 is stored in the respective corresponding disk buffers 4, 
while simultaneously, parity data is also read from the 
magnetic disk drive for parity 8 and stored in the parity 
buffer 6. 

[0023] The read data stored in the four data buffers 4 is 
stored in the data buffer 3 via the respective corresponding 
data buses 12, while simultaneously being input to the data 
protection circuit 5. At the same time, parity data stored 
in the parity buffer 6 is also input to the data protection 
circuit 5. 

[0024] The data protection circuit 5 generates CRC for each 
of the four magnetic disk drives for data 7 and the magnetic 
disk drive for parity 8, from the input parity data and from 
the data input from the four disk buffers 4. 
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[0025] Next, the data stored in the data buffer 3 is 
transferred to the host computer 1 via the host interface 11. 

[0026] After the 512 byte data from the four magnetic disk 
drives for data 7 is transferred to the host computer 1, CRC 
corresponding to the five magnetic disk drives (the four 
magnetic disk drives for data 7 and the single magnetic disk 
drive for parity 8) read from the magnetic disk drive for 
parity 8 and the CRC generated by the data protection 
circuit 5 are compared and a check is performed on the 
validation of the data read from the four magnetic disk 
drives for data 7. If any errors are detected, notice is 
issued to the host computer 1. 

[0027] Data reading operation when one of the four magnetic 
disk drives for data 7 malfunctions will now be described. 

[0028] Data read from the three magnetic disk drives for 
data 7 other than the malfunctioning magnetic disk drive for 
data 7 is stored in the respective corresponding disk 
buffers 4, and further in the data buffer 3, and is input to 
the data protection circuit 5. At the same time, parity 
data is also read from the magnetic disk drive for parity 8 
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and stored in the parity buffer 6, this parity data further 
being input to the data protection circuit 5. 

[0029] The data protection circuit 5 restores the data from 
the malfunctioning magnetic disk drive for data 7 based on 
the input data from the remaining three magnetic disk drives 
for data 7 and the parity data from the magnetic disk drive 
for parity 8 and stores this restored data in the data 
buffer 3 via the data bus 15. When all of the data is 
arranged, the data buffer 3 transfers that data to the host 
computer 1. 

[0030] In this way, an inexpensive disk array device that 
does not compromise reliability is realized by using, as 
magnetic disk drives for data, a plurality of inexpensive 
IDE interface magnetic disk drives having inferior 
reliability as CRC cannot be applied thereto, constructing a 
disk array using only a magnetic disk drive for parity as an 
SCSI magnetic disk drive, which though expensive, has a high 
degree of reliability, and storing CRC of each magnetic disk 
drive for data in the SCSI magnetic disk drive for parity. 

[0031] In the above described embodiment, four magnetic disk 
drives for data are employed, however two, three, five or 
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more of these magnetic disk drives for data can be used. 
Further, the data length for each sector of the magnetic 
disk drive for parity may be 520 bytes (512 bytes for data 
and 8 bytes for CRC) . 

[0032] 

[Effects of the Invention] As described above, according to 
the disk array device of the present invention, a plurality 
of IDE interface magnetic disk drives are used as magnetic 
disk drives for data, a disk array is constructed using only 
a magnetic disk drive for parity as an SCSI magnetic disk 
drive, and CRC of each of the magnetic disk drives is 
generated in a data protection circuit and is stored in the 
magnetic disk drive for parity when data is written to the 
magnetic disk drives for data, thereby realizing an 
inexpensive disk array device without decreasing reliability. 

[Brief Description of the Drawings] 

FIG. 1 is a block diagram showing an embodiment of the 
present invention . 

[Explanation of Reference Numerals] 

1 Host computer 

2 Disk array control circuit 
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3 Data buffer 

4 Disk buffer 

5 Data protection circuit 

6 Parity buffer 

7 Magnetic disk drive for data 

8 Magnetic disk drive for parity 
11 Host interface 

12, 15 Data bus 

13 IDE interface 

14 SCSI interface 
16 Parity bus 

Translation of Drawing 

FIG. 1 

1 HOST COMPUTER 

2 DISK ARRAY CONTROL CIRCUIT 

3 DATA BUFFER 

4 DISK BUFFER 

5 DATA PROTECTION CIRCUIT 

6 PARITY BUFFER 

7 MAGNETIC DISK DRIVE FOR DATA 

8 MAGNETIC DISK DRIVE FOR PARITY 
11 HOST INTERFACE 
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12 DATA BUS 

13 IDE INTERFACE 

14 SCSI INTERFACE 

15 DATA BUS 

16 PARITY BUS 
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